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introduc ;ion 

This rep rt deals with tests conducted on spokes from a ?'nr tin 
Resilient Wheel. This wheel was invented by Capt. »T.V. ’art in and the in¬ 
vestigation was requested by the Office of Scientific Research and Develope- 
ment. The .’.artin V.heel consists of a number of molded rubber spokes mounted 
radially between a hub and an outer rim. The s ookes are so pro portioned 
that when the wheel is assembled, all the spokes are in tension. Thus the 
weight of a vehicle on this v.heel causes the sookes at the to e of the v.heel 
to stretch farther, at the same time causing the bottom spokes to relax; 
the resiliency of the wheel depending on the elasticity of the rubber spokes. 

The purpose of this investigation was as follows: 
a) To determine the relative load-deflection characteristics of rubber 

and neoprene spokes. 
b) To determine the lateral stability of the ’ertin sooke. 
c) To repeatedly deflect rubber and neoprene spokes in a manner sim¬ 

ulating operating conditions and otserve: 
1. Amount of temporary and permanent elongation. 
2. Surface temperatures generated* 

I 
FRQChlEJtE 

a) The method of loading the spokes for determining axial load-de¬ 
flection characteristics is shown in Figures VIII, IX, X, and XI. 
White lines were niled on the spokes to facilitate observation of 
the manner of deflection. 

b) In order to determine the lateral ste bility )f the '.artin spoke, 
two rubber 3pokes were assent)led in a special fixture as shown in 
Figure XII. An axial load of 100 pounds was exerted on the spokes 
which were then locked ir. this extended position. The lateral 
loading was applied to the spokes as shown in Figure XIII. This 
procedure was repeated for axial preloads of 1^0 and 200 pounds, 

c) The repeated-deflection tests were carried out in the testing 
machine shown in Figure XIV. The upper bean is fixed; the center 
bean reciprocates vertically. One rubber and one neoprene spoke 
were mounted in the machine with an initial extension of R/8 inch. 
The motion of the center bean was adjusted to produce an additional 
extension of 1 inch. The machine vjqs run at a steed of GOO cycles 
per minute, corresponding to a wheel sneed of p'r miles per hour. 
The free length of each spoke was measured at the start of the test 
run, and at freouent interval Is Airing the test. ’Ten.ourenents were 
mide irnnediately after removing the sookes froih t e machine and also 
after varying periods of tine during which the spokes were allowed 
to recover as much of the temporary elongation as possible. 

r 



liensurenents of surface temperatures generated during this test 
v.ere rade by attaching thermocouples to the spokes as shove in .igure XV. 
;.ll the thermocouples were connected to a selector switch, facilitating the 
rapid ”easurenent of temperatures t fre.ucnt intervals. Fewpem tures were 
me?. • ured during the first FO.OOO cycles of continuous operation, after which 
the spokes were removed for length measurements. They were then nut back in 
the nnchine and the m.xirnn tanner' tures • ttninec during each subsequent 
ro,oor cvcle rur. were recorded, uritil the temperatures became constant or 

decree sed. 

usi ng 

This urocedure was repeated for another rubber and ne v>rene s oke 
7/b inch initial extension and an oner ting extension of 1 inch. 

RESULTS 

a) 

b) 

c) 

'Hve results of the axial load-deflection tests are plott d in 'igure 
I, for OT:e nibber and one neonrene :-"X)ke. 

tj ’"resents the la t er> 1 loa d —d el lection ch ra ctcristics of a 
rair of rubber sookes ur.der initial t ■ i&l tensions of 1 0, lr:r', and 
200 -pounds. 
The amount of tei.pomry and permanent elongation caused by repeated 
deflection is presented for each spoke tested in Figures III, IV, V, 
and VT. In each case the diagonal lines indicate the mount of tem¬ 
porary elongation or stretch, while the vertical *ines represent the 
recovery of this elongation while the spokes were unloaded for vr Ty¬ 
ing periods of time. 

In Figure VII the surface temperatures at 
versus number of cycles for each snoke tested. Ike 
refer to the locations of the thermocouple junction 
following sketch: 

three ’mints are plotted 
symbols on the curves 

which are shown in the 

The repe: ted deflection tests were run lor 
Only one failure of a sDoa.e wan observed; tLi.> v- a a 
with an initial extension of ^/b inch. The locati n 
by the arrow in Figure X. The cm ck no: or; red a. f ter 
not enlarge any after about 000,000 cycles. 

about ',000,000 
neoprene ?po<e 
p f the f- ilure 

200,000 cycles, 

cycles, 
oner- ted 
is shown 
a n d d id 



DIjCt jhhijk 

a) 

b) 

c) 

It is apparent that in order to maintain the samb load-elongation 
rate for rubber and neoprene sookes, the latter ' ust have a larger 
cross-section for increaoed stiffness. 
The curves in Figure II reveal the interesting fact that the lateral 
rate of the pair of rubber spokes decreases with increasing ariai 
tension. This is probably due to the fact that, as sho n in Figure 
t the axial load rite, or slooe is variable. Thus, when the p< ir 
of spokes is subjected to an initial tension of 100 ]>ounds, and then 
is deflected laterally (which in effect produces additional tension 
in the spokes) the rate is higher—that is, the spokes .-re working 
in the left-hand portion of the curve in Figurel—than when the 
initial tension is 200 sounds, in which case the smokes re working 
in the right-hand portion of the curve where the rate is lower. 
The reseated axial-deflection tests indie: to that failures of the 
spokes are not a problem However, the continual stretching of the 
spokes in service may result in removing all the tension which the 
spokes had when originally assembled in a wheel, particularly if the 
arcunt of initial tension is large. 

Neoprene sookes cl early stretch more than rubber under the same 
conditions of cruel repeated extension. There appears to Pe little 
difference in heat generation between rubber and neoprene. However, 
it must be remembered that in the above tests, the rubber and neoprene 
sookes were deflected e ual amounts, while the resulting loads were 
much less on the neoprene spokes. 

J.C. Little 
F.H. Neill 
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HARTE* WHE£L SPOILS 

Rubber Spokes 
PX=Itltial Axis1 load 
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Uat*: _No-load time ia X/Z hour Labgra 
except a« noted 45 hours♦-no load 

le-veland, Ojhio Oo(t. 18 
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Figure XII. Lateral load test apparatus. 
Axial load of 200If t lateral lo'd zero 

Figure XIII. Lateral load test apparatus. 
'-v.xic 1 load 200^, lateral lead ft 



Figure XIV. Apparatus for repeated Cycle 
loading test, showing potentiometer, se¬ 
lector switch, and thermocouples attached 
to neoprene and rubber s pokes. 

Figure "XV. Close-up view of rubber spoke 
showing relative positions of attached 
therraocounles. 


